Objective: To estimate the 9-year incidence of diabetic retinopathy (DR) in a population with the same ancestry as African Americans.
D

IABETIC RETINOPATHY
(DR) is a common microvascular complication in persons with diabetes mellitus (DM) and is an important cause of blindness and visual impairment in this group. Despite the high prevalence of DM, especially of type 2 DM, [1] [2] [3] in persons of African origin, limited data exist on the prevalence and incidence of DR in these populations. [3] [4] [5] [6] In African Caribbean participants in the Barbados Eye Study, 3 who have the same ancestral origin as African Americans, the prevalence of DR in persons with DM was nearly 30%. After 4 years of follow-up, 7% of those with DR at baseline had progressed to proliferative disease, and 30% of those unaffected at baseline had developed new DR. 4 Furthermore, DR accounted for 10% of the new blindness that developed in the study cohort in this 4-year period, 7 further attesting to its public health impact as a leading cause of visual loss.
As with most chronic ocular diseases, DR may develop over an extended period. Knowledge of its long-term natural history is essential to plan sound prevention and treatment strategies, yet few sources of such longitudinal data on DR exist, [8] [9] [10] [11] particularly for populations of African origin. The aim of this article is to provide information on the incidence of DR in participants with DM in the Barbados Eye Studies (BESs) after 9 years of follow-up.
METHODS
The BESs are a series of population-based epidemiologic studies that investigated the prevalence of, incidence of, and risk factors for major causes of visual loss in a large population of predominantly African origin with funding from the National Eye Institute, Bethesda, Md. The baseline prevalence study (the BES, 1987 (the BES, -1992 ) was based on a simple random sample of Barbadian-born citizens, 40 to 84 years of age, with 84% participation. Of the 4631 persons examined at the study site, 4314 (93.2%) were black, 184 (4.0%) were mixed (black and white), and 133 (2.9%) were white or other by self-report. 12 To determine the incidence and progression of these eye diseases, the surviving cohort members were invited for follow-up visits 4 and 9 years after the baseline visit in the Barbados Incidence Study of Eye Dis-eases I (1992-1997; 85% participation) and II (1997) (1998) (1999) (2000) (2001) (2002) (2003) ; 81% participation). 13, 14 Data for the baseline 12 and both follow-up visits 13, 14 were collected using standardized protocols, including an interview, various ocular and other measurements, and 30°color stereo fundus photography of the disc and macula (standard fields 1 and 2 of the Diabetic Retinopathy Study 15 ). A systematic 10% sample and participants with specific findings (eg, ocular disease or a history of DM, intraocular pressure Ͼ21 mm Hg, and bestcorrected visual acuity Ͻ20/30) were referred for a comprehensive ophthalmologic examination with dilatation. Total glycosylated hemoglobin (GHb) assays by means of affinity chromatography of venous whole blood 16 using Glyc-Affin GHb kits (Isolab, Akron, Ohio) were available for 3754 participants (81.1%) (GHb was not measured in the first months of the study; no relevant differences were found between persons with and without GHb). 4 Duplicate testing of a random sample of laboratory determinations (n=264) showed good reproducibility, with an intraclass correlation coefficient of 0.89.
We defined DM as having a self-reported history of physiciandiagnosed DM or GHb level greater than 10%, that is, more than 2 SDs above the population mean of persons without a history of DM (mean±SD, 7%±1.5%) at baseline. Participants were further categorized as having younger-onset (Ͻ30 years of age) or older-onset (Ն30 years of age) DM based on age at selfreported diagnosis. Younger-onset participants were considered to have type 1 DM if they were also receiving insulin. Olderonset participants included those with previously diagnosed type 2 DM and those newly diagnosed during the study, that is, individuals with no DM history but with an GHb level greater than 10%.
Standard fundus photographs of fields 1 and 2 (Early Treatment Diabetic Retinopathy Study 17 ) were used to define the presence of diabetic changes. Study photographs were independently graded at the Fundus Photography Reading Center, The Johns Hopkins University, Baltimore, Md, 18 using an adapted version of the modified Airlie House classification. 15, 19 Diabetic changes were defined as at least 3 microaneurysms, retinal hemorrhages, hard and soft exudates, intraretinal microvascular abnormalities, new vessels within 1 disc diameter of the disc, and new vessels originating elsewhere. Abnormalities noted under the category of "other" included venous beading, focal narrowing, venous loops, and clinically significant macular edema (CSME), which was defined as (1) thickening of the retina at or within 500 µm of the center of the macula, (2) hard exudates at or within 500 µm of the center of the macula associated with thickening of the adjacent retina (but not residual hard exudates remaining after the disappearance of retinal thickening), and (3) a zone or zones of retinal thickening 1 disc area or larger in size, any part of which was within 1 disc diameter of the center of the macula. Because extended retinopathy classifications requiring 7 standard photographic fields were not applicable, the study used a simpler classification that categorized DR as minimum (Ն3 microaneurysms, soft or hard exudates, or retinal hemorrhages), moderate (intraretinal microvascular abnormalities or venous beading), or severe/ proliferative (new vessels originating elsewhere or new vessels within 1 disc diameter of the disc) in the worse eye. Sightthreatening DR (STDR) was defined as having severe/ proliferative DR or CSME.
Baseline and follow-up photographs were classified independently by 2 masked graders, and discrepancies were resolved by consensus. The study retinal specialist (A.S.) adjudicated and determined the final grading if agreement could not be reached. Evaluations of reproducibility showed good agreement for diabetic changes among different graders for the Barbados Incidence Study of Eye Diseases II (field 1: , 0.70-0.88; field 2: , 0.71-0.85), similar to those obtained for the BES 3 and the Barbados Incidence Study of Eye Diseases I. 4 No evidence of grading drift was found across time.
Diabetic retinopathy was considered present when the photographic gradings yielded positive findings in at least 1 eye. The 9-year cumulative incidence of DR was defined as the development of DR during 9 years of follow-up based on persons with DM who were free of DR in both eyes at baseline. The incidence of CSME and the incidence by severity of DR were similarly estimated. For example, the incidence of CSME was defined as the development of CSME in either eye during the 9-year interval based on persons without CSME in both eyes at baseline. The incidence of severe DR was defined as the development of proliferative DR in 9 years based on persons without this condition at baseline. Persons at risk for incident proliferative DR included those without any DR and those with DR but with, at most, moderate DR at baseline. The incidence of STDR was considered as the development of STDR in 9 years based on persons without CSME or proliferative DR at baseline. We also determined progression to proliferative DR, which was defined as the development of severe/proliferative DR in 9 years based on persons with preexisting minimum or moderate DR at baseline. Cumulative 9-year incidence and progression rates were estimated using the product-limit approach, 20 which allowed the contribution of data from persons with only 4 years of follow-up. The incidence of DR was determined according to age, sex, DM duration (the period between diagnosis and the study visit), and DR severity at baseline. Relative risk ratios were based on Cox regression models with discrete time data. 21 
RESULTS
Of the 615 participants of African origin with DM and gradable fundus photographs at baseline, 436 contributed data for the 9-year incidence estimates. The remaining 179 participants had ungradable or unavailable photographs mainly because of death during the 9-year interval (n=86); other reasons included incomplete photographs, inability to photograph, refusal, or relocation overseas (n=93). Table 1 compares the baseline characteristics of the 436 participants with gradable photographic data with those with ungradable or unavailable photographs. The deceased group was the oldest (mean±SD age, 67.1±9.6 years; P=.001), as expected, and had a longer duration of DM (P=.002) and a higher systolic blood pressure than the others (PϽ.001). Baseline characteristics were more similar between the study cohort and those excluded for other reasons, except the latter group was older (mean±SD age, 62.1±9.8 years vs 57.6±9.4 years) and had a higher systolic blood pressure (PϽ.05 by 2-sample t test). Table 2 gives the 9-year cumulative incidence and progression rates according to various baseline DR categories. A total of 324 participants had no DR at baseline and were at risk for any DR. Overall, the cumulative 9-year incidence of any DR was 39.6% (95% confidence interval [CI], 33.6%-45.5%). The incidence by DR severity was 38.0% (95% CI, 32.1%-43.9%) for minimum, 9.0% (95% CI, 5.5%-12.4%) for moderate, and only 2.6% (95% CI, 1.0%-4.3%) for proliferative DR. Among the 377 individuals free of CSME at baseline, the 9-year cumulative incidence of CSME was 8.7% (95% CI, 5.4%-12.0%). The incidence of STDR was 8.3%, very similar to that of CSME, which was its major component (given the low [2.6%] incidence of proliferative DR).
When considering DR progression to proliferative DR, 8.2% (95% CI, 2.5%-13.9%) of the 109 participants with minimum or moderate DR at baseline progressed after 9 years. Five of these 109 persons at risk had panretinal photocoagulation performed during the 9-year period. If we include them as treated cases of proliferative DR, the rate of progression increases to 12.9% (95% CI, 6.1%-19.6%). Table 3 gives the age-and sex-specific 9-year cumulative incidence rates for any DR. Incidence showed no clear trend by age, being 47.0% at 40 to 49 years of age, decreasing to 38.6% at ages 50 to 59 years and 30.0% at 60 to 69 years, and then increasing to 62.3% in the oldest age group. This variation in age-specific incidence was most evident in women, whereas less variability in rates by age was observed in men. Women tended to have a higher incidence than men (41.8%; 95% CI, 34.4%-49.2% vs 35.3%; 95% CI, 25.4-45.3%), but the difference was not statistically significant and varied by age group. Similarly, the incidence of CSME had no perceptible age-related trend, being 14.8%, 7.4%, 5.3%, and 10.0% for the respective age groups; no sex-related differences were noted (data not shown). Table 4 depicts the 9-year incidences of any DR, CSME, and STDR according to DM status at baseline. The incidence of DR tended to increase with the duration of DM. For persons with DM for 4 years or less before the baseline visit, the development of any DR in the 9-year period was 31.7%; this value increased to 58.2% when DM duration was 5 to 9 years and 60.0% when DM duration was 10 to 14 years. The trend was not maintained when DM duration was 15 years or longer (38.4%), an observation based on only 23 persons.
The incidence of CSME also increased with DM duration. Although CSME developed in approximately 1 in 20 persons having DM for less than 10 years, the incidence increased substantially when duration was longer, that is, to 20.5% for 10 to 14 years and to 26.6% for 15 years or longer. Incidence rates for STDR were similar to those for CSME and followed similar patterns because CSME is the dominating component of STDR in this population, as noted previously (Table 2) .
There was an apparent gradient of any DR incidence according to DM treatment type. The lowest rate was seen in the group with none/diet treatment only, with an intermediate rate observed among users of oral medications only; the highest rate existed among insulin users (whether insulin alone or with oral medications), a group that had very few persons at risk at baseline. The incidence of CSME was also lowest in the none/diet treatment group, with higher incidence rates observed for those using oral medications only or any insulin. Compared with the none/diet treatment group, persons using oral or insulin therapy were 2.4 times (95% CI, 1.4-3.9 times) more likely to develop any DR and 3.6 times (95% CI, 1.1-12.2 times) more likely to develop CSME.
The previous diagnosis of type 2 DM was not strongly related to the incidence of any DR. The latter rate was only slightly higher among those with previously vs newly diagnosed type 2 DM at baseline (40.4% vs 33.9%). In contrast, the incidence of CSME tended to double when type 2 DM had been previously diagnosed (9.3% vs 4.1%), although this finding was not statistically significant (relative risk ratio, 1.8; 95% CI, 0.4-7.9). Younger-onset DM is infrequent in the population. 3 Among persons at risk for any DR, only 1 had younger-onset DM at baseline; this individual developed DR during the 9-year followup. Three persons with younger-onset DM were at risk for CSME or STDR, and 1 developed DR in 9 years.
COMMENT
This study provides new information on the long-term occurrence of DR in a large population of predominantly African origin in which nearly 20% of the population has DM (mainly type 2 DM). 3 Based on a standardized photograph grading system and a 9-year follow-up, DR developed in approximately two fifths of the participants with DM who were free of DR at baseline. Abbreviations: CI, confidence interval; CSME, clinically significant macula edema; DR, diabetic retinopathy; NVD, new vessels within 1 disc diameter of the disc; NVE, new vessels originating elsewhere. The 9-year cumulative incidences of CSME and proliferative DR were 8.7% and 2.6%, respectively, with an overall incidence of 8.3% for STDR, that is, development of either or both conditions. Among persons with preexisting minimum or moderate DR at baseline, 8.2% progressed to proliferative DR. The rate would increase to 12.9% if persons treated with panretinal photocoagulation between baseline and the 9-year follow-up visit were included (ie, assuming they had progressed to proliferative DR before treatment). The cumulative 9-year incidence of DR was highest in the youngest and oldest age groups; DR developed in nearly half (47.0%) of persons aged 40 to 49 years and in more than three fifths (62.3%) of those 70 years or older. A slightly higher incidence was observed in women (41.8%) than in men (35.3%), but the difference was not statistically significant. The risk of DR was most manifest in persons with a DM duration of 5 years or longer, whereas a DM duration of 10 years or longer coincided with a substantial increase in CMSE and STDR risk.
ANY DR
Long-term estimates of DR incidence are available from only a few studies, and none are from African-derived populations. Rates from those studies cannot be compared directly with our rates because differences exist in populations (eg, demographic composition or relevant clinical characteristics at baseline) and methods (eg, overall design, definitions, or data collection methods). One of those studies is the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR), which reported a 10-year DR incidence of 79% for insulin users and 67% for noninsulin users in persons whose conditions were diagnosed at 30 years or older. 8 In our study cohort, a high 9-year incidence (100%) was also found among the few insulin users at risk (n=12). However, most of our participants, who did not use insulin, had a much lower incidence (38.2%; 95% CI, 32.1%-44.2%) than in the WESDR. Because the WESDR included predominantly European-derived participants from a northern US location, underlying differences in population composition, lifestyle, environmental factors, and health care patterns exist between the studies. The discrepant estimates might also be partly explained by possible variations in the severity of the case mix at baseline and by the extent of glycemic control of the participants. Unlike the WESDR, which was based on patients with DM who were receiving medical care at baseline, our study was based on persons with DM identified from a representative random sample of the population of the country. As a result, it possibly included more persons with newly diagnosed and earlier stages of DM than the WESDR, thus leading to a lower incidence of DR. This Abbreviations: CI, confidence interval; CSME, clinically significant macula edema; DR, diabetic retinopathy; STDR, sight-threatening DR. *Among persons at risk for any DR, 2 had missing data on age at onset; only 1 person had younger-onset diabetes. Among persons at risk for CSME or STDR, 3 had missing data on age at onset and 3 had younger-onset diabetes.
may be a partial explanation, as approximately two thirds of our cohort had a DM duration of less than 5 years vs approximately 14 years in the WESDR. In terms of DM duration, our population seems more comparable with the older-onset noninsulin users in the WESDR, who had an average DM duration of 7 years. 8 Still, even in the subgroup using oral DM treatment only, the 9-year incidence from our study (44.8%) was considerably lower than the WESDR rate. Another important difference between studies was that we used a simple DR classification based on 2 standard fields, whereas the WESDR used a DR classification based on 7 standard fields, which could be more sensitive to detecting lesions. However, a study 22 from the WESDR showed that the sensitivity of 2 fields for detecting any DR compared with 7 fields was high at 87%. When estimating incidence rates using 2 vs 7 fields, possible underestimation could occur for the numerator (number of incident cases), whereas overestimation could occur for the denominator (number at risk). Although it is not possible to compute accurate estimates that account for these potential issues, simple linear extrapolation suggested that if 7 fields had been used in the BESs, the 10-year incidence among the noninsulin users in our population would be approximately 56%, an estimate that remained lower than that in the WESDR.
In contrast to the WESDR, a much lower incidence of DR than in our study was reported in the Hoorn Study, 11 a population-based cohort study in the Netherlands that included persons aged 50 to 74 years. After an average follow-up of 9.4 years, the cumulative incidence of DR, determined using ophthalmoscopy and fundus photography, was 13.6% in individuals with impaired glucose metabolism and 17.5% in those with DM. The numbers at risk in this study were small, however, being 66 and 57 for the respective groups. 11 Losses to follow-up were also considerable and may have resulted in the selective participation of a healthier, low-risk group. Comparisons must also consider the differences in classifications used in that study and ours.
The presence of retinopathy in persons without DM has been reported in various populations. 3, 11, [22] [23] [24] [25] [26] Although the main focus of the present study pertained to the incidence of DR in persons with DM, we also examined the incidence in those without DM. A relatively low 9-year cumulative incidence of any retinopathy was found in black participants who did not meet the criteria for DM (3.3%; 95% CI, 2.2%-4.4%).
PROLIFERATIVE DR
In the BESs, we found that the development of new proliferative DR after 9 years was 2.6% (3.8% when including those with photocoagulation treatment); most persons with incident proliferative DR had some DR at baseline. In contrast, 10% of older-onset noninsulin users in the WESDR (free of such lesions at baseline) had proliferative DR after 10 years. The low incidence of 2.6% in our study might reflect selective mortality in the cohort due to the increased risk of comorbidities such as nephropathy and cardiovascular disease, as delineated previously. 3, 4 In addition to older age, persons excluded because of ungradable/unavailable photographs had a longer DM duration and higher blood pressure, possibly also leading to selective mortality and further contributing to underestimation of the true incidence. Underascertainment could have occurred if persons at higher risk for proliferative DR tended to have fewer gradable photographs, eg, because of cataract. Another possible explanation is that gradings were based on 2 fields, which had a 74% sensitivity to detect proliferative DR in the WESDR (vs 7 fields). 27 However, after accounting for the 74% WESDR sensitivity of 2 fields, the resulting BESs estimate is only 5.3%, if followed for 10 years. These results continue to suggest a much lower incidence of proliferative DR in the BESs than in the WESDR, which is based on participants of predominantly European origin. Furthermore, the low long-term incidence of proliferative DR in the BESs is consistent with previous findings of a low prevalence of severe DR at baseline (0.9%) 3 and the low risk of new proliferative DR at the 4-year follow-up visit (2%). 4 These findings could suggest that the development of the more severe type of DR in this population of African origin is relatively infrequent.
CSME AND STDR
Our prevalence and earlier follow-up results 4 suggest a higher prevalence and 4-year incidence of CSME in this cohort than in other groups. The present findings continue to support the high occurrence of CSME in this population, in which approximately 1 in 11 persons with DM developed CSME in a 9-year period. In the WESDR, 28 the 10-year incidence of CSME was estimated to be 11.1% in patients with DM treated with oral medications; the comparable 9-year incidence in our study was 11.3%, a follow-up interval that is 1 year shorter. As opposed to the relatively lower incidence rates of any DR and of proliferative DR in our study than in the WESDR, the incidence of CSME seemed to be at least at the WESDR levels, despite the limitations inherent in comparing the 2 studies.
The patterns of STDR incidence paralleled those of CMSE, which was its major component. As discussed previously, proliferative DR was relatively infrequent in our study population.
STRENGTHS AND LIMITATIONS
This study provides new information on the development of DR in persons of African origin during a 9-year period. Factors related to the long-term incidence of DR are discussed in a separate article. 29 The major strengths of this study are its population-based design and longterm follow-up, which allow ascertainment of natural history. An additional strength is that the presence of DR was determined by independent grading of fundus photographs based on a standardized system. Gradings were based on disc and macula photographs, reported to capture 87% of any diabetic changes present in 7 photographic fields. As in all cohort studies, a potential weakness relates to the inevitable losses to follow-up from various causes, such as mortality. This issue is particularly relevant in cohort studies based on persons with DM, who are at higher risk for death. If selective mortality applies to subgroups of individuals with DM, for example, persons with more severe DM or a longer DM duration, underestimation of DR incidence may occur. A similar issue arises from incompleteness of data on fundus photographs. Because DM and age-related cataract often coexist, individuals with missing photographs are likely to be older and to have a longer duration of DM. Furthermore, elevated blood pressure may increase the likelihood of DR development. Therefore, the inability to include their data in the analyses may also lead to underestimation of the rates, particularly in the older age groups, those with extended DM duration, and those with hypertension. Interpretation of our findings should consider these potential issues.
CONCLUSIONS
This longitudinal study provides new data on the frequency and patterns of DR development during an extended period that have been unavailable to date for persons of African descent. After 9 years, two fifths of the participants with DM developed new DR, and although the risk of proliferative DR seemed lower than in other studies, CSME risk may be comparable or higher. This information has clinical and public health implications, particularly given the high frequency of DM in populations of African origin and the potential to prevent some DR-related vision loss with early treatment. These results highlight the need to develop programs to avoid the sight-threatening complications of DM, particularly in high-risk populations. 
